Introduction: Hair thinning occurred in 10-14% of teriflunomide-treated patients in the teriflunomide multiple sclerosis clinical development program, compared with 5% of placebo-treated patients. Our objective was to examine the clinical course of hair thinning in patients in an observational real-world project. Methods: Patients with relapsing-remitting multiple sclerosis who reported hair thinning to healthcare professionals (HCPs) during treatment with teriflunomide were eligible for inclusion. During two office visits, one at onset of hair thinning and another at follow-up, HCPs and patients completed questionnaires that
INTRODUCTION
A number of different factors can contribute to hair loss, a distressing condition that negatively impacts patients' psychological and social wellbeing [1, 2] . Hair loss can be triggered by emotional stress, diet, illness, underlying medical conditions, or exposure to medication; severe hair loss is often associated with chemotherapy or radiation treatments [3] . There have been reports of hair thinning in patients with multiple sclerosis (MS) treated with disease-modifying therapies (DMTs) [4] [5] [6] [7] [8] .
Teriflunomide (Aubagio Ò ; Genzyme, Cambridge, MA) is a once-daily oral immunomodulator for the treatment of patients with relapsing-remitting MS (RRMS). In most countries, the approved dose of teriflunomide is 14 mg/day; in the United States, the 7-mg daily dose is also approved. In a pooled analysis of clinical trials, hair loss was observed in 10-14% of patients receiving teriflunomide 7 mg or 14 mg, compared with 5% of those receiving placebo [9] . Most of these hair thinning events occurred within the first 6 months of treatment, were characterized by the investigators as mild or moderate in nature, and resolved without corrective treatment while patients remained on teriflunomide. Few patients (\ 2%) who experienced hair thinning discontinued teriflunomide treatment for this reason, and no complete hair loss was reported [9] .
The assessment and characterization of teriflunomide-associated hair thinning in realworld clinical practice settings may help to set appropriate expectations for patients before initiating treatment with teriflunomide. Here, we report an endeavor to acquire a better understanding of the clinical course of hair thinning in patients with MS treated with teriflunomide.
METHODS

Study Population and Design
This was an observational real-world evaluation conducted at nine MS centers in the United States between May 2013 and the data cutoff of May 14, 2015 . Patients with RRMS who reported hair thinning to healthcare professionals (HCPs) during treatment with teriflunomide 7 mg or 14 mg were eligible for inclusion.
Patient Assessments
During two office visits, one at the onset of hair thinning and another at follow-up, HCPs completed questionnaires with their patients. The description of hair thinning was reported. HCPs categorized hair thinning as mild, moderate, or severe, while patients ranked the severity of the event from 0 to 10. At the follow-up visit, HCPs and patients also rated the degree of improvement or resolution of hair thinning according to the categories listed in Table 1 .
At onset and follow-up visits, patients were photographed from five standard views (anterior, posterior, left lateral, right lateral, anterior superior) and an optional manipulated view with hair pulled back, using a standardized protocol and camera.
Compliance with Ethics Guidelines
Informed consent was obtained from all individual participants included in the study. Additional written informed consent was obtained from participants for release of their images.
This trial was not registered on ClinicalTrials.gov because it is a real-world observational evaluation and not a clinical trial.
RESULTS
Of the 38 patients who completed follow-up visits at data cutoff, 36 were treated with teriflunomide 14 mg and two were treated with teriflunomide 7 mg. The majority of patients were women (97%), and the mean (standard deviation) age was 52 (12) years. Most had no prior history of hair loss (87%), and many (68%) were receiving concomitant medications associated with hair thinning, for conditions such as migraine, epilepsy, or depression [10] .
The mean time from the initiation of teriflunomide treatment to onset of hair thinning was 77 days (\ 3 months), and the mean time from onset to follow-up visit was 270 days. At onset, the mean score for patient perception of severity was 5.0 (range 2-10; Table 2 ). HCPs classified the vast majority of cases as mild (63%) or moderate (34%), with a single severe case in a 33-year-old woman with a prior history of drug-induced hair loss with topiramate. Most patients (79%) reported complete/near-complete resolution or marked improvement at follow-up. HCPs also reported lower severity in follow-up visits (Table 2) . A single patient reported only minimal improvement, although the HCP rated that patient's hair loss as only mild at both visits. Overall, patient perception of hair thinning was more severe than HCP perception of hair thinning.
Photographic examples of hair thinning for eight patients at onset and follow-up are shown in Fig. 1 . Patient and HCP assessments at each visit are provided. Over the course of follow-up, two patients discontinued teriflunomide treatment, one temporarily because of hair thinning. Three other patients discontinued treatment for other reasons: one discontinued temporarily owing to gastrointestinal upset, and the two remaining patients discontinued permanently because of rash and gastrointestinal upset.
The extent of hair loss experienced by patients treated with teriflunomide varied from mild, diffuse thinning, to loss of large clumps of hair. One patient lost her eyebrows, which did not recover, although the rest of her hair grew back.
DISCUSSION
In this observational project, hair thinning events in patients receiving teriflunomide were Fig. 1 Examples of hair thinning at onset and follow-up. HCP healthcare professional typically mild, occurred within 3 months, and usually resolved without treatment discontinuation. These observations are consistent with those from the clinical trial program. In the 2-year TEMSO core study (NCT00134563), hair loss was reported in 11.7% of patients treated with teriflunomide, compared with 3.3% of patients receiving placebo [10] . However, in the long-term extension (NCT00803049), in which all patients were re-randomized to teriflunomide, the number of patients reporting firstonset of hair thinning was 3.6% over the first 24 weeks of the extension, and \ 1% over the following 6 years [12] . Similarly, in the realworld Teri-PRO study (NCT01895335), incidence of hair thinning onset decreased from * 6% of patients in the first 4 weeks of teriflunomide treatment, to 2.9% at 12 weeks and \ 1% after 24 weeks [13] .
In clinical trials, alopecia was reported in a small proportion of patients treated with interferon-beta [4] . The frequency of alopecia reported in patients treated with intramuscular interferon-beta in clinical trials was 4%, compared with 2% of patients receiving placebo [14] . Similarly, patients receiving subcutaneous interferon-beta experienced alopecia more frequently than placebo-treated patients, although the difference was less than 2% [15] .
Teriflunomide-associated hair thinning reported in this project was likely due to telogen effluvium, a common type of reversible hair loss caused by premature transition of active follicles to the resting phase, resulting in hairs being shed * 3 months later (Fig. 2) . This is distinct from anagen hair loss, which is due to premature termination of anagen hair growth and is most often associated with chemotherapy or radiation therapy [3] . Medication is one of the common triggers for telogen effluvium, which is usually self-limited and does not require treatment [16] .
In the opinion of one of the authors (K.R.E.), patients who experienced hair thinning had varying reactions. Since most were informed of the possibility prior to treatment initiation, there was neither distress nor upset. Some patients did express concern when hair loss began (i.e. hair coming off in a routine shower), although they were often reassured with the knowledge that hair loss was a transient effect. Patient-perceived severity of hair thinning at both onset and follow-up visits was generally more severe than assessments made by the treating HCP.
A limitation of this analysis was that hair photos were only taken when hair loss was reported and at follow-up, but were not taken 
CONCLUSION
The assessment and characterization of teriflunomide-associated hair thinning, along with patient education, could help to set appropriate expectations for patients before initiating treatment with teriflunomide.
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